Panstrongylus megistus (Burmeister, 1835) is a bloodsucking bug that is currently considered the main vector of Chagas disease in Brazil, with exception to the Northeastern region. It is a primarily wild species of triatomine bug capable of invading artificial ecotopes and establishing important colonies inside human dwellings. Its control is extremely relevant to avoid the vectorial transmission of the disease, as up to date vaccines against the infection or effective treatments for the chronic stage are not yet available. In endemic areas, wild specimens invade the rural houses continuously, but specially in the humidity period of the year (Dias & Dias 1968 , Dias & Garcia 1978 . Therefore, behavioural studies are extremely relevant in order to allow a better understanding of the mechanisms supporting the orientation and communication of these insects, two crucial processes for successful colonization of novel habitats.
The mating behaviour of several triatomine species has been the subject of diverse studies (Lima et al. 1986 a,b, Rojas et al. 1990 , Rojas & Cruz López 1992 , Manrique & Lazzari 1994 . In all cases, it was described as a sequence of definite steps performed by the male. Nevertheless, except for Triatoma infestans (Klüg, 1834) , the relevance of the behaviour of females in mating success has been relatively neglected (Lima 1985 , Rojas et al. 1990 , Rojas & Cruz López 1992 , Manrique & Lazzari 1994 . Unlike many other insect species, triatomine bugs do not perform a stereotyped courtship behaviour in order to attract their partners (Lima 1985) .
After two individuals of different sexes encounter, pairing and insemination, by means of spermatophore transference, normally occur. Following mating with a single male, a female will have enough spermatozoa in her spermathecae to fertilise the eggs to be laid along its whole life. Lima (1985) observed that the fertility of eggs laid by P. megistus females who had copulated once was lower than the fertility of those of females that had undertook more than one copula. Lima (1985) also observed that the former females laid unfertilized eggs, even though a similar total number of eggs was produced.
After sexual maturation, insects need to find a partner for mating. It is possible that a sex pheromone with a potential role in the orientation/recognition of individuals of either sex is present in some triatomines (Antich 1965 , Neves & Paulini 1981 , although this is a subject that needs further investigations.
Several authors suggested that, during mating, chemical substances are released by one or both members of the couple that lead to the assembling of males around the couple (Baldwin et al. 1971 , Manrique & Lazzari 1995 . Baldwin et al. (1971) suggested that such substances may also have an "aphrodisiac" effect on Rhodnius prolixus (Stäl, 1859) males, as several mating attempts between individuals of this sex were observed by the authors. Manrique and Lazzari (1995) have suggested that the aggregation of males around mating couples would be associated to polyandry in T. infestans.
The aim of the present work was to make a general description of mating behaviour in P. megistus and to analyse experimentally the factors affecting it. Finally, we tested whether males of this species aggregate around mating couples in this context, as it was described for T. infestans and R. prolixus.
MATERIALS AND METHODS
Insects -Fifth instar nymphs of P. megistus were sorted by sex, fed and kept apart in acrylic recipients with a piece of filter paper as substrate, until their imaginal ecdysis. Insects were reared at 25 ± 2 o C; 65% RH and fed on mice (Mus musculus).
The mating behaviour of P. megistus -A male and a female were placed in a circular glass arena (10 cm height x 25 cm diameter) with a piece of filter paper as substrate. Data were gathered from the observation of 10 different pairs (room temperature: 25 ± 1 o C; 53 ± 3% RH; illumination intensity: 35 lux).
Feeding and mating motivation -The maturing of the sexual behaviour of males and females of this species and the occurrence of the copula were analyzed using virgin couples (N = 20). The time elapsed between the first and last imaginal moult of the group of insects used did not exceed 20 days. Adults were fed ad libitum only once approximately 10 days after their ecdysis. Assays were started one day after feeding, repeated every one day at the same daytime, i.e., 15:00 h, and lasted for 15 days. A single male and a single female were placed in a circular experimental arena (10 cm height x 15 cm diameter) and the behaviour of the couple was studied by direct observation during 10 min. The onset of copulation was prevented carefully by using a brush just before of its start, in order to keep the insects virgin along the whole experiment. We quantified for each experimental day: (a) the number of copulatory attempts by males; (b) the number of rejections performed by females; and (c) the number of "copulas" (given that the insects did not actually copulate, we considered that a potential "copula" took place when the male and female made contact between their genitalia). Assays were performed at 25 ± 2 o C, 65% RH, and under a controlled illumination intensity of 20 lux.
Mating frequency -In order to check the usual frequency and number of copulas performed by females of this species, 17 virgin couples, 20 days old, were individually placed for a period of 1 h in the circular arena. Each pair was submitted to the same procedure every week, throughout two months. The assays were carried out at 25 ± 2 o C; 65% RH, and under controlled illumination intensity of 20 lux. For the insects used in this experiment, feeding was provided once a week on thionembutal anaesthetised mice.
Assembling around mating couples -This experiment was designed to test whether males of this species aggregate in the presence of a mating pair, as other triatomines do. Thirty days old virgin adults, starved for 7 days were used. Assays were performed in the circular arena and under controlled environmental conditions (25 ± 1 o C, 53 ± 3% RH, 35 lux). Four experimental series were conducted and in all series insects were always released in the center of the arena. In the first and second series, 4 males were initially released and, after 10 min, a single female (1st series) or a marked male (2nd series) was added to the group. In the 3rd and 4th series, 4 females were released and after 10 min, either a male (3rd series) or a marked female (4th series) was added. Each assay was recorded using a video recorder along 1h and the behaviour of the insects posteriorly analyzed. The distance between each insect in the arena relative to the last individual released was measured every 1 min of the assay in all experimental series. With these distance data, an aggregation index was computed. In this way, the spatial distribution of these insects was quantified by measuring the change in the distance to the reference individual as a function of time, before, during, and after the copula. The aggregation of the insects was analyzed recording their position 1 min before the start of the copula and subsequently, every 1 min until the copulating pair started to walk around.
Statistical analysis -The effect of the time elapsed since the first adult meal on the mating motivation of insects was analyzed by means of ANOVA. Regression analysis was applied to describe the relation between posfeeding time and the tendency to reject males by females, and also to describe the temporal change in mating frequency. ANOVA was performed to test the tendency of P. megistus males to aggregate around mating couples as a function of the time after the occurrence of copulation.
RESULTS
The mating behaviour of P. megistus -In all cases, the physical contact between individuals began by initiative of the male, which jumped or climbed over the female and grabbed it with its legs. After holding her with his legs, the male mounted the female and then tilted laterally to allow the approximation of its genitalia to that of the female. Afterwards, it placed the end of its abdomen below that of the female and it exposed its genitalia. With the aid of its paramers, the male secured the genitalia of the female, allowing the introduction of its copulatory organ. The copula lasted an averaged of 21 min and 4 s (range 17 min 14 s -25 min 55 s) and could be divided into two phases: the 1st started with the juxtaposition of the genitalia and lasted up to the moment when the male released the female's body, remaining united only through the genitalia, and secondly, from this moment up to the complete separation of the insects. The 1st phase averaged 15 min and 9 s (range 13 min -20 min 10 s), and the 2nd one about 5 min and 5 s (range 46 s -11 min and 11 s). At this second phase, the female generally walks, pulling the male around.
We found that the female determines the occurrence of a copula, given that it could be receptive or non-receptive to the mating attempts performed by males as it was observed in other triatomines (Manrique & Lazzari 1994) . If non-receptive, it could refuse the male through different behaviours.
We were able to characterize and quantify the occurrence of 4 kinds of rejection behaviours performed by females, i.e., body flattening: the female flattens the ventral part of its body against the substrate in order to avoid the male to position itself laterally with respect to it (39.3%); abdominal movements: the female shakes her body up and down, getting the male off it (29.3%); evasion: the female escapes walking avoiding physical contact with the male (15%), and stridulation: the female rubs the end of the proboscis against the prosternal stridulatory groove to produce a vibratory signal (16.4%), rejecting in this way the male copulatory attempts.
Feeding and mating motivation -The number of mating attempts displayed by the 20 males (mean = 7,7 ± 0,9 s.e.) did not vary according to the time elapsed since feeding. On the other hand, the proportion of males rejected by females significantly decreased with time (ANOVA, p = 0.005; Fig. 1) . As a consequence, a significant increase in the mating frequency with increasing post-feeding time was observed (ANOVA p = 0.001; Fig. 2 ). The daily percentage of copulating couples varied from around 10% during the first days after feeding to ca. 40% around day 12. Besides, according to our observations 75% of the experimental pairs expressed their motivation to copulate at least once along the 15 days of observation.
Mating frequency -We observed that 76.5% of the couples copulated, throughout a 2 month interval. In most cases the females of P. megistus performed only one copula. Indeed, only a single couple of 17 accomplished a second mating. The lack of a second copula was due to the rejection behaviour of the female, as most attempts from males for a second copula resulted in rejections.
Assembling around mating couples -Results from the first series of assays, i.e., when 4 males and one female were released in the arena, showed that the distance from the other males to a mating couple did not change with time after the copula began (ANOVA for repeated measures, N.S.; Fig. 3a) . The same was observed when the spatial distribution of females was quantified in presence of a copulating pair, i.e. 4 females and one male (ANOVA with repeated measures, N.S.; Fig. 3b) . When only males were tested, the distance between the insects did not vary along time (second series, ANOVA with repeated measures, N.S.; Fig. 3c ). However, in the 4th series, females showed a significant variation in their spatial distribution in absence of copula, i.e., they aggregated after some minutes (ANOVA with repeated measures, p = 0.007, F = 2,55 df = 14; Fig. 3d ).
Although no assembling around mating couples was observed for any sex, males performed 65 unsuccessful attempts to copulate for a second time. On the other hand, 100% of mated females rejected subsequent mating attempts from the males, at least during the 10 min of assay following the copula (first series).
DISCUSSION
The sequence of behavioural steps that lead to mating in P. megistus follows the general model described by Lima et al. (1986b) in this species. Males of P. megistus are the sex that actively performs the approximation of the couple, as in all triatomines studied to date. Manrique and Lazzari (1994) studying T. infestans, observed that these insects do not remain joined through their genitalia after the copula, but separate immediately after the male descends from the female. This behaviour allows the occurrence of successive copulas, aided by the fact that couples of this species apparently emit a pheromone that promotes the aggregation of males around the copulating pair. According to Manrique and Lazzari (1995) , this polyandric behaviour may promote a higher genetic variability in the off-springs in T. infestans. This would be particularly relevant when new colonies are founded by dispersing females (Schofield 1985) . Contrarily, remaining bound through the genitalia after the first copula could represent a mechanism to prevent new copulatory attempts by other males, maybe increasing the reproductive success of the first male (Schöfl & Taborsky 2002) . Looking for differences in reproductive success of males in polyandric triatomines like T. infestans or R. prolixus using genetic markers may help to determine if sperm competition or other mechanism enhancing reproductive success is present in these insects. Pires et al. (2002) utilised a recessive character for red eye colour in T. infestans to analyse the fertility and fecundity of these insects. When a first copulating male is recessive, i.e., it has red eyes, and a second copula happens with a wild type male, these authors observed that the sperm that fertilises the eggs is gradually substituted, as the number of offsprings from the red eye male gradually declines. The contrary was not observed, as once a female copu- lated with a male of the wild type, posterior copulas with recessive males did not derive in a gradual substitution of fertilising sperm. These results lead those authors to suggest a potential sperm competition mechanism in that species.
Previous studies with P. megistus have mentioned the occurrence of rejection behaviour displayed by females of this species, but without describing the different modalities of this behaviour (Lima et al. 1986a ). Here, we were able to distinguish four kinds of rejection behaviours, resembling those previously described for T. infestans (Manrique & Lazzari 1994) , i.e., stridulation, abdominal movements, escape, and body flattening over a substrate. In P. megistus, flattening was the most frequent kind of rejection behaviour, showing a similar proportion of occurrence for both species; i.e., 39.3% for P. megistus and ± Fig. 3a : mean distance ± standard error of the distance of four males to a female in the arena as a function of time (ANOVA with repeated measures N.S., N = 5). Time 0 correspond to the initiation of mating; -b: mean distance ± standard error of the distance of four females to a male in the arena as a function of time (ANOVA with repeated measures N.S., N = 5). Time 0 correspond to the initiation of mating; -c: mean distance ± standard error of the distance of four males to a marked male in the arena as a function of time (ANOVA with repeated measures N.S., N = 5). Time 0 was settled by computing the mean time interval elapsed between the introduction of the copulating male or female and mating in the mating series; -d: mean distance ± standard error of the distance of four females to a marked female in the arena as a function of time (ANOVA with repeated measures p = 0,007, N = 5). Time 0 was settled by computing the mean time interval elapsed between the introduction of the copulating male or female and mating in the mating series. 40% for T. infestans. Stridulation in triatomines has been considered by several authors, either as a sexually related behaviour or as a defense response (Moore 1961 , Manrique & Lazzari 1994 , Roces & Manrique 1996 , Manrique & Schilman 2000 , Schilman et al. 2001 ). According to Manrique and Lazzari (1994) , non-receptive T. infestans females stridulate spontaneously, in order to reject the male copulatory attempts. Roces and Manrique (1996) and Manrique and Schilman (2000) studying the stridulation of T. infestans and R. prolixus respectively, suggested that the relevant signal is a substrate borne vibration. In addition, they found differences in the frequency and temporal pattern of the signals produced by the same individual in different contexts, i.e., rejecting a male or after mechanical disturbance. In the present work, we report the occurrence of female stridulation, as a male-deterring signal in P. megistus. A comparative analysis would reveal whether this species is also able to produce different signals at different contexts.
Several reports described an important role for the age of the males in the occurrence of the first mating in triatomines (Regis et al. 1985 , Malo et al. 1993 ). Under our experimental conditions, the number of copulatory attempts by the males did not vary along time, i.e., they always exhibited the same motivation to copulate. The results presented in those reports are not totally comparable to ours due to the differences in the age and treatment of the insects. We observed that the main factor conditioning mating was the disposition of females to mate, expressed as their rejection behaviour. P. megistus females seem to change their disposition to copulate depending on their nutritional conditions, as already demonstrated for T. infestans by Manrique and Lazzari (1994) .
The probability to reject mating attempts of males by females decreases with increasing time after the first adult meal. It is clear that the rejection behaviour of females conditions the success of the copula in P. megistus as it was previously described for T. infestans (Manrique & Lazzari 1994) .
Our results show that the frequency of the copula depended on the post-feeding conditions of adult bugs. Initially after feeding, the lowest mating frequencies observed were probably due to the rejection behaviour of females. Our conclusions are based upon considering the post-feeding conditions of the experimental insects as the cause of the changes observed in the behaviour of the females. We can not exclude that the modifications observed are the simple consequence of their age, and not the effect of feeding on maturation. Regis et al. (1985) reported that adult T. infestans females began to copulate with an imaginal age of just four days. Nevertheless, they did not analyse their behaviour, in order to establish the proneness of young females to copulate. Manrique and Lazzari (1994) working with T. infestans described that 16 days after feeding approximately 100% of the pairs expressed their motivation to copulate daily. Differently, our results with P. megistus reached a maximum daily level of 40% copulating pairs only after 12 days post-feeding, percentage which resembles results obtained by Lima et al. (1986b) . This lower daily motivation to copulate does not necessarily reflect that the insects are immature, as approximately 75% of the pairs expressed their motivation to copulate at least once at the end of this experiment. It is possible that the experimental design described by Manrique and Lazzari (1994) , who worked with T. infestans, would require adjustments, e.g., time to perform assays, in order to use it with P. megistus comparatively. The low number of pairs that copulated both in this experiment and in that evaluating the mating frequency in a 2 month follow up, i.e., 75 and 76,5%, indicate the need of more data to better understand the sexual behaviour of this species.
Borba (1972) observed that P. megistus females that had copulated avoided new male attempts. In the present work, this particular behaviour was also observed and quantified; indeed, mated females rejected subsequent attempts to copulate.
Several authors have remarked that after a single mating, P. megistus females would be able to produce fertile eggs along their entire life (Neiva 1914 , Pinto 1930 , Lima 1940 , Pessoa & Martins 1982 . Lima (1940) observed that P. megistus females copulate just once, but also reported that under some situations a second copula occurs. Here, only one couple over 17 performed a second mating (5.9%). Nevertheless, in other cases, the characteristic behavioural steps preceeding mating were observed, but the genitalia of the insects never became joined. On the contrary, Lima (1985) observed that P. megistus females are able to copulate up to seven times during their life, showing a mean of 2.6 ± 1.6 copulas per female. However, these differences could be due to the distinct experimental lapses, two months vs entire life.
Our observation of an aggregation of females in the absence of a mating couple probably occurred due to the spontaneous tendency of these bugs to maintain an intense body contact with the substrate and conspecifics, i.e., thigmotaxis. Surprisingly this behaviour was not found in our experiments with males in the absence of mating couples. Besides, our results did not reveal the existence of male aggregation around mating couples for P. megistus. This suggests that a sex aggregation pheromone is absent in this species. This is quite consistent with the fact that P. megistus females seem not to perform successive copulas. Thus, male recruitment around the mating couple would not be relevant, as in polyandric triatomine females (Manrique & Lazzari 1995) .
Our work reveals that mating in P. megistus would follow a different behavioural pattern when compared with other triatomines studied to date. Females of this species seem to perform just a single or few copulas during their imaginal life, a fact that agrees with the post-copulatory behaviour observed and with the absence of male-assembling signals in the sexual context of this species. Both, behavioural and ecological work will be conducted, in order to comprehend the reasons and adaptive value of these dissimilar reproductive strategies in this group of insect vectors.
